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(54) Method of applying drug-release coatings 

(57) The invention is directed to a method of apply- 
ing drug-release coatings whereby a polymer can be 
dissolved in a first solvent (solvent A) to form a polymer 
system and a drug can be dissolved or suspended in a 
second solvent (solvent B) to form a drug system. The 
coating or layer of coating so formed comprises a sub- 
stantially uniform combination of the drug and polymer. 
Solvent B can be the same as or different than solvent 
A. The coating can be applied on a stent body by sepa- 
rately spraying or dipping the polymer system and the 
drug system onto the devices. The coating can be 
accomplished by either applying the polymer and drug 
systems sequentially or simultaneously. In certain 
embodiments, a drug can be suspended in solvent B: In 
some cases, three or more systems can be utilized. For 
instance, a third system containing pure solvent A or B 
can smooth the coating surface, if the solvent of the 
third spraying system is compatible with the polymer 
matrix. 
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Description 

This application claims priority to U.S. Provisional 
Application Serial No. 60/033.443 filed December 20. 
1996. 

FiPl^MhP invention 

This invention relates generally to drug-releasing 
coatings tor medical devices which are inserted i or 
imXnted into the body. More particularly, the invention 
is S ireS to a method for applying drug-releas.ng coat^ 
not to medical devices in which a polymer -s dissolved 
Ta Sst solvent (solvent A) to form a polymer system 
ana a drug is dissolved in a second solvent (solvent B) 
to form a drug system. 

Raf*qroun' < a! >he lnvention 

in prior art methods, a composition corrprisinga 
mix ot a drug and a polymer in a solvent .s applied to the 
device to form a substantially uniform layer of drug and 
Ddvmer- i e a layer in which the drug is d.spersed .n 

ng upon the types of polymers and drugs 
Sting a common solvent tor these two constituents xan 
betablernatic. Where a common solvent for the drug 
a^Potmer is not available, attempts have been made 
to micronize the drug into small part.cles so that it can 
be su^ envied in the polymer solution. However, m,cro- 
S can be time consuming, and may resuH^n a 
,oss of desired therapeutic properties of the dru£ 
Therefore, a method of more easily putting both the 
Tug and pdymer into solution to obtain^ reus- 
ing coating for medical devices .s needed. Also needed 
isTSthod of applying a drug/polymer coatmg wrthout 
having to the .drug and polymer in a common 
solution or suspension. 



5vm m a ryoHhe invention 

The methods disclosed herein apply generally to 
implantable prostheses, especially expandable propo- 
ses such as balloon expandable stents and self- 
exLS stents. Stents coated according to this .nven- 
tionTay oe. for instance, plastically deferrable or self _ 
l eZS ng. In certain embodiments, the methods avoid 
Seiftyofmicrmizingadrugbeforeit^appliedto 

TsZ in oLr embodiments, drug par« can be 
utilized The present invention can also be used where 
"here is no common compatible solvent for both the pol- 

^dtrinvention relates to a method of apply- 
ing drug-release coatings containing a drug and a poly- 
mer in which the drug is distributed in the polymer ,n a 
substantially uniform manner. A polymer can be dis- 
ced in a first solvent (solvent A) to form ajpo.ymer 
system substantially free of biologically active materials 



(e a less than about 1% by weight of the polymer) and 
^ug in be ^Ived in a second solvent (sohrent B) 
to form a drug system substantially free of polymers 

e ican be the same as or different than solvent A. Drffer- 
5 jSmSm. generaBy used when the drug **very 
low solubility in the polymer solution and no common 
SvemwoSd be found for both the drug and polymer. 
S applying the polymer system and drug system se^ 
,„ rately to the surface of the medical dev.ce. he method 
10 to ms a composite of the polymer and drug t^a dsto- 
bution of the drug throughout a network of polymer, 
^composite may be substantially hon^enouj 
The method of the present invention avoids the needier 
, 5 micromzing the drug prior to mixing rt wrtMhe ^ymer 
to form the composite of drug and polymer. Atthough 
the method provides a coating or a layer of a coating 
which comprises a composite of the drug and polymer. 
I avoSTe need for mixing the drug and pdymer ,n 
20 ontSution before applying the coating to the dev.ee. 
A coating can be applied on a device, Part'c^ 
stent by separately spraying the polymer system and 
STU system. Methods of coating , aents are <*s- 
closed in U.S. patent application senal nos. O^ 42 *; 884 ' 
„ nSS 273- and 08/663.490. These documents are 

purposes. The coatings of the invention can be accom- 
*£d by erther spraying the polymer and drug sys- 
tems sequentially or simultaneously, as further 

30 ^sttoTapplying the coating by spraying, the 
coatinfean loTe placed onto the medical devK* by 
SS2 TOs latter method of applying the coating s 
eSllyuseful for devices which are not conduce to 

fon ttJ nner lumen of a stent graft Also, the coating 
X to Wlied by using a combination of spraying and 

pending upon the coating thi<*ne* desir^ 
«, multi-sTep coatings may be applied 

the solvent volatility, a warting penod may be reared 
during the spraying or dipping process, or heat hy be 
allied throughahe^^ 
berto facilitate the evaporation of the solvents). 
45 Tn certain embodiments, it is not necessary for ^a 
drug to be dissofced in solvent B. Fine partic.es can be 
oreferably suspended, in the solvent, and the 
SftSE as descrfoed 

cases three or more systems can be utilized, for 
50 SSance a third spraying or dipping system containing 
50 puSent A oi B can smooth the coating suHace * 
K solvent of the third system is compatible wrth the 
^matrix, or a third spraying or^systom 
containing a second elutable agent such as adrug. Pol 
55 Sene glycol, sugar, satt in solvent (wh.ch can be 

^Vhe stent The resulting drug release profile, where 
^ormTed^sareapp.ied.canresu.tinthedmerent 
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drugs being released simultaneously or sequentially. 

A suitable sequence according to this invention 
could be. one application of a polymer solution, one 
application of a drug solution and one application of 
pure solvent. Alternatively, the sequence could be one 
application by spraying or dipping of polymer solution, 
one application of solvent and one application of a drug 
solution or suspension. Alternatively, the sequence 
could be three parallel spraying systems. The number of 
cycles in each operation could be half, one. two or more. 
It is appreciated that those skilled in the art will find 
numerous combinations of coating orders and 
sequences for dual or multiple coating systems without 
departing from the inventive concept. The coating sys- 
tem can be hand-operated or automated to achieve dif- 
ferent combinations. 

Brief Description of the Drawings 

FIGURE 1 is a photograph showing the results of 
the Comparative Example; 
FIGURE 2 is a photograph showing the results of 
Example t; 

FIGURE 3 is a photograph showing the results of 
Example 2; 

FIGURES 4 and 5 are scanning electron micro- 
scope photographs showing the results of the Com- 
parative Example in an unstressed state and a 
post-stressed state, respectively; 
FIGURES 6 and 7 are scanning electron micro- 
scope photographs showing the results of Example 

1 in an unstressed state and a post-stressed state, 
respectively; 

FIGURES 8 and 9 are scanning electron micro- 
scope photographs showing the results of Example 

2 in an unstressed state and a post-stressed state, 
respectively; 

FIGURE 10 shows a stent prior to coating; 
FIGURES 11 and 12 sequentially illustrate an 
embodiment of the present invention; 
FIGURES 13 and 14 sequentially illustrate an alter- 
native embodiment of the present invention; 
FIGURE 15 graphically compares elution rates for 
the Comparative Example, Example 1 and Example 
2; and 

, FIGURE 16 is a graphical comparison of the elution 
rates of Examples 4a, 4b, 5 and 6. 

Detailed Description of the Invention 

Polymers suitable for the present invention will pref- 
erably be hydrophobic biostabie elastomeric materials 
which do not degrade and which minimize tissue rejec- 
tion. Furthermore, the materials are preferably ones 
which will undergo encapsulation by tissue adjacent to 
the stent implantation site. Polymers suitable for such 
coatings include silicones (e.g., polysiloxanes and sub- 
stituted poiysiloxanes). polyurethanes (including poly- 



carbonate urethanes), thermoplastic elastomers in 
general, ethylene vinyl acetate copolymers, polyolefin 
elastomers, EPDM rubbers and polyamide elastomers. 
The above-referenced materials are considered hydro- 
5 phobic with respect to the contemplated environment of 
the invention. 

Non-limiting examples of other polymers which are 
suitable for use in the present invention include bioab- 
sorbable polymers such as polyiactic acid, poiyglycolic 
w acid, polycaprolactone, polyiactic acid - polyethylene 
oxide copolymers, cellulose, and the like. Other non-fim- 
iting examples of polymers that are suitable for use in 
the present invention also include biostabie plastic 
materials such as acrylic polymers and its derivatives, 
is nylon, and polyesters. 

Non-limiting examples of drugs suitable for use in 
the present invention include antithrobotics, anticoagu- 
lants, antiplatelet agents, thrombolytics, antiprolifera- 
tives, anti-inflammatories, agents that inhibit 
20 hyperplasia and in particular restenosis, smooth muscle 
cell inhibitors, antibiotics, growth factors, growth factor 
inhibitors, cell adhesion inhibitors, cell adhesion pro- 
moters and drugs that may enhance the formation of 
healthy neointimal tissue, including endothelial ceil 
25 regeneration. The positive action may come from inhib- 
iting particular cells (e.g., smooth musde cells) or tis- 
sue formation (e.g., fibromuscular tissue) while 
encouraging different cell migration (e.g., endothelium) 
and tissue formation (neointimal tissue). 
30 The drug used in the invention may or may not be 
micronized. When the drug is not micronized, the parti- 
cle size of the drug can be greater than about 10nm. 
When the drug is micronized, the drug particle size is 
preferably 5-12 urn and more preferably about 5 urn. 
35 The devices suitable for the invention include with- 
out limitation a variety of medical devices such as cath- 
eters, shunts, stents (e.g. seff expandable or balloon 
expandable vascular or non-vascular stents), heart 
valves, grafts, and artificial organs or prostheses. The 
40 devices may have polymeric, metallic or ceramic sur- 
faces. 

The preferred materials for fabricating stents, par- 
ticularly braided stents, such as that shown in FIGURE 
10, include metals such as stainless steel, tantalum, 

45 titanium alloy? including nitinol (a nickel titanium, ther- 
momemoried alloy material), DFT materials such as 
shown in U.S. 5.630,840 and certain cobalt alloys 
including cobalt-chromium-nickel alloys such as 
Elgiloy® and Phynox®. Bioabsorbable materials may 

so also be used to form the stent structure, such as poly- 
iactic acid. Further details concerning the fabrication 
and details of other aspects of the stents themselves 
are found in U.S. Patent Nos. 4,655,771 and 4,954,126 
to Wallsten and 5,061,275 to Wallsten et al. which are 

>5 incorporated herein by reference in their entireties. 

Solvents which can be used in the present invention 
will preferably be compatible with the polymer or drug 
with which they are mixed. For instance, the polymer will 
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it is mixed, and the drug ^*"*JSl However, it is 

We ^ *! ^t5T2£2SS oZ present 
contemplated dru ^_ such as heparin. 

invention wi ■J^J^jE'h particuiate form, 
mixed in solvent. Where crugs an 
the drug * P~f*abfy b .wv«d Jd n ^ ^ 
^rrto^K^n^e tetrahydroturan. 
^.mVMeW. Ketone, c^oroform. methylene 

££W or by dip coating (Examp.es 4- 

6). 

eomparaMveExamfile 

A silicone-xylene mixture (-34% solid weight from 

solid s,l,cone cort ^ ^ s ^ „ the preparation. 

Wdex/Wsincone sow " . dexa methasone (Upjohn. 
Here"dex"or DEX n sferstt) 

Dexamethasone USP. C ^*<hp LC grade. Aldrich 
amount of tetrahydrofuran ^J^OQ 
or EM Science) used was DEX was f irst 

-•Sp^SSSSS a silicone- 

so prepared on f" 0 ven and 

coated stent was then ™vedto aco 
cured at 150°C for 45 mM describe d 

in co-pend.ng app"«»™ ae - 4 and 5 . FIGURES 1 

contraction and expansion of the stent. 
FYamole 1 

A 5% <w/w)solution of silicone solid in THF was pre- 
A 5% ^/wjsoiuo cfosslinker agent 

pared by adding the te 0 5% (w/w) solution 

?ea k e^g The ^^SS^ 
was o,. A badger ,SM spray = was^ ^ 
two reservoirs filled with two tmm 
coating of the stent in ««fi^£an. wait- 
plished by spraying ,one cyde - JJJ^iond* and 
ing for a short period aHw» about 3^ ^ g ^ 
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silicone sokto. For a o»«n 9 m*ne»» 

coated stent was mechanically stressed. 



FYample2_ 

The process used to prepare this example wassim- 
silicone. The ratio cf W d ^^^™ J FK3- 

tograph of the ^^/^e^ccStracted. 
mechanically stressed, i.e., expandeo anu 
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35 



40 



Tne coated stents prepared in the .O-V-JM 
i ue w» cvamnle 2 were cut into z cm 

Example. Example 1 J-J* 2 lyethy , e ne glyco. 
segments and put into 100 mi or p j j 

S °!? n E nS^eZtion was analyzed by using 
solution. The DEX concern. chromatography 

a Shimadzu W V^^^ at the wave- 
instrument op erated I wrth a ^ jn ^ analy . 

,ength of »^iSSe ttSSI* DEX release data 

sis. Table 1 and FIGURE 15 snow i 

over one month for the coated stents. M W P v 

eons in the ^^^^ase aThad simflar 
Example 2 prolonged the drug release ar 

release profiles. 
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Release 
Time (days) 


"Bate Data 
Comp. Ex. 


g/cn^/hr] 
Ex.1 


Ex.2 


0.08 


6.25 


27.46 


14.88 


1.73 


0.66 


3.32 


0.83 


3.77 


0.38 


1.08 


0.36 


4.75 


0.38 


0.91 


~ 0.33 


11.81 


0.24 


0.44 


0.21 


14.08 


0.24 


0.34 


0.22 


16.94 


0.23 


0.27 


0.20 


19.08 


0.22 


0.28 


0.22 
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Table 1 (continued) 



Release Rate Data (ug/cm*/hr) 


Time (days) 


Comp. Ex. 


Ex.1 


Ex.2 


21.08 


0.21 


0.19 


0.18 


26.08 


0.15 


0.17 


0.14 


28.00 


0.11 


0.10 


0.12 


32.06 


0.17 


0.16 


0.15 



An embodiment of the present invention involving 
spray coating is sequentially illustrated in Figures 1 1 
and 12. The drug-release coating apparatus 2 has a 
stent rotating element 4 and a spraying element 6. 75 

A stent 8 is mounted on the stent rotating element 4 
by clamping it at both ends to supporting rod elements 
24\ 24", which are typically alligator clamps. Preferably, 
stent 8 will be clamped in a position which is at least 
partially expanded or fully expanded such that its inte- 20 
rior remains empty allowing spray coating to adhere to 
both the exterior and the interior surface of stent 8. Rod 
elements 24\ 24" do not traverse the interior of stent 8. 
Motor 10 rotates the rod elements 24\ 24" thereby 
rotating stent 8. Supporting rod 12 supports the stent 25 
rotating element 4. 

Spraying element 6 has a structural support 14 on 
which a first spray canister 16 and a second spray can- 
ister 18 are mounted. First spray canister 16 is fluidly 
connected to first spray dispenser 20 and second spray 30 
canister 18 is fluidly connected to second spray dis- 
penser 22. Gas supply means 26, 28 are connected to 
the spraying devices to provide gaseous means to pro- 
pel the polymer and drug solutions. 

The first and second spray canisters 1 6, 18 can be 35 
mounted on structural support 14 on a track (not shown) 
to enable longitudinal movement back and forth. In a 
simplified case, a hand can act as a support 14. In this 
embodiment, canisters 16, 18 are fixed at a predeter- 
mined distance from one another, so that they move to 40 
and from equidistant from one another. The hollow 
arrow in FIGURE 11 shows canisters 16, 18 prior to left- 
ward movement Spray will begin once spray dispens- 
ers 20, 22 oppose the stent 8. The solid arrow in 
FIGURE 12 shows canisters 16, 18 beginning their 45 
course back to the right, again beginning to spray once 
dispensers 20, 22 oppose the stent. This sequence can 
be repeated multiple times, as desired. 

In this embodiment, first spray canister 16 can hold 
polymer in solvent and be free of drug, while second so 
spray canister 18 can hold drug in solvent and be free of 
polymer, or vice versa. 

FIGURES 13 and 14 sequentially illustrate a differ- 
ent embodiment of the present invention. The reference 
numerals in this embodiment have the same meaning ss 
as those in the previous embodiment shown in FIG- 
URES 11 and 12. 

The first and second spray canisters 16, 18 can be 



mounted on structural support 14 on two tracks (not 
shown) to enable longitudinal movement back and forth. 
In this embodiment, canisters 16. 18 can move to and 
from independent from one another. In FIGURE 13, the 
solid arrow shows the first canister 16 moving to the left 
and spraying the stent, while the hollow arrow indicates 
second canister 18 in a stationary position with the 
potential to move to the left First canister 16 continues 
to the left and then stops beyond the stent and assumes 
a stationary position (not shown). Then, as shown in 
FIGURE 14, the second canister 18 moves to the left to 
spray the stent and then rests to the left of the stent. 
Thereafter, the first canister 16 can move to the right, 
later followed by the second canister 18, and the proc- 
ess can be repeated as desired. 

Other processes according to this invention can 
include the first canister 16 going to and from while the 
second canister 18 is at rest beyond the stent, followed 
by the second canister going to and from while the first 
canister 16 is at rest beyond the stent Other non-limit- 
ing variations include having canisters 16 and 18 move 
simultaneously but spaced apart from one another, or 
having canisters 16 and 18 criss-cross while spraying. 

In addition to spray coating, the coatings of this 
invention can be applied by dipping the medical device 
in 1) a polymer dissolved in a first solvent and 2) a drug 
dissolved in a second solvent. The device can be 
repeatedly dipped into the polymer solution and drug 
solution until a coating of the desired thickness is 
achieved. In general, the polymer will shrink and swell, 
and the drug will recrystallize or redistribute in the sub- 
sequent dipping steps depending upon the relative solv- 
ability of the solvents to the polymer and drug. In order 
to ensure uniformity of the coating on the device, certain 
steps can be taken. These steps include, without limita- 
tion: choosing a solvent with a low viscosity index, 
choosing a polymer above its entanglement molecular 
weight such that the inner polymer layer(s) will swell but 
will not be easily dissolved, blow drying the coating after 
each dipping, horizontally coating the device, rotating 
the device during drying and using short coating times. 

The following examples illustrate embodiments of 
the invention which were prepared by dipping. 

Example 4 

15 grams of a silicone dispersion from Applied Sili- 
cone Corp. (#40000), containing 35% solids, was 
weighed. 0.52 grams of dexamethasone (DEX) 
(Upjohn, Lot #719kT) was dissolved in 15 mL of tetrahy- 
drofuran (THF). The drug solution was added to the sil- 
icone dispersion and stirred until a homogeneous 
solution was formed. 

A stent graft (Example 4a) was dipped into the solu- 
tion and air dried in its horizontal position. The coating 
weight for this sample was 10.8 mg/cm 2 . Due to gravity, 
the coating became uneven. To obtain a more uniform 
coating, a second stent graft (Example 4b), after being 
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dipped into the solution, was rotated honzontally as t a,r 
dried. The coating weight for this sample was 13.5 
mg/cm 2 . After sitting at room temperature for about 1-5 
hours, the coated samples were oven cured at 150 C 
fori hour. - 

The grafts were cut into 2 cm pieces and th«r 
release rates were studied by immersing the pieces in a 
&m*N aqueous solution of polyethylene glycol (PEG) 
Sw^OO Som J.T. Baker). The solutions were penod, 
calW sampled and replaced with fresh solution. The 
SimTDEX re.eased was quantified by a Stan*. 
Hiah Performance Liquid Chromatography (HPLC). 
2fg a Column (Phase Separation Ltd) wrth a 
U nSLphaLo«acetonitri.e/H 2 0(1:1v^a«^ 
1 ml/min and a UV detector at a wave ength of 254 nm 
The release rates for these two samples, jrepres« rted 
in Table 2. The data shows that the coated ^samples can 
provide prolonged drug release (see FIGURE 16). 
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studied according to the procedure used in Examples 
4a and 4b. The release rate for Example 5 is presented 
in Table 2 and FIGURE 16. The data shows that the 
coated samples can provide prolonged drug release. 



Table 2 

Release Rate Data (pg/cm flu) 



Time (days) 


Ex. 4a 


Ex. 4b 


Ex.5 


Ex.6 


0.0 


75.26 


61.51 


23.66 


63.96 


0.8 


14.54 


16.80 


6.68 


22.14 


3.1 


5.75 


6.55 


3.71 


4.76 


5.8 


3.46 


3.97 


2.31 


2.19 


8.1 


2.02 


2.65 


1.61 


1.27 


10.1 


1.64 


2.22 


1.27 


0.85 


12.9 


1.48 1 


2.02 


1.34 


1.41 


16.1 


1.48 


1.94 


1.25 


1.59 


19.8 


1.30 


1.81 


1.12 


0.71 


22.8 


1.05 


1.45 


0.96 


0.57 


27.8 


0.89 


1.29 


0.83 


0.46 


30.8 


0.81 


1.16 


0.72 


0.47 


37.9 


0.70 


1.05 


0.65 


0.33 



Fxample 5 

A silicone dispersion containing 4% silicone in THF 
was preyed. aTso prepared was a 10% solution of 
Sc hTHF. A stent graft was dipped into ^ , . cone 
solution first and dried while M* jrota ted I for at leas. 1 
minute The stent was then dipped into the DEX/THr 
Sonandrotatedforatleastl -nutetodrytine^ 
This sequence o« dipping and drying was repeated for 
about 20 times. The last dip was in the silicone » solution^ 

coated samp.es were oven cured at 1» C for 1 to* • 

Like the stents in Example 4a and 4b. this sample 
wa s also cut into 2 cm pieces and the release rate was 



Example 6 

The silicone dispersion of Example 5 was prepared- 
Also prepared was a 10% solution of DEX in metfianol 

to (MeOH) which is a poor solvent for *»""""""°; 
- ncompatible to silicone. A stent graft was coated 
aSng to the method used to prepared Bungs. 
This sample was cut into 2 cm pieces and the release 
2 wTstudied according to the procedure « 

„ Examples 4a and 4b. The release rate for E«mpte6 ,» 
presented in Table 2. The data shows that the coated 
samples can provide prolonged drug release although 
£££ edited a faster ***** elution rate 
than Examples 4a. 4b and 5 (see FIGURE 16). 

20 T?e description contained herein is for purposes of 
lustration and not for purposes of limrtatioa Charts 
and modifications may be made to the 
thedescripttonarxlstillbewithinthescc^of^^n 
Ton. Furthermore, obvious changes, modrfications or 

25 variations will occur to those skilled in the art. 

Claims 

i A method of making a medical device having at 
least a portion for insertion or irnptantation into ne 
body of a patient, wherein the portion has a surface 

which is adapted for «P^ ret0 ^ y 'f"^ 
patient and wherein at least a part of the surface is 
Svered wrth a coating, to release at least one bio- 
logically active material therefrom, the method 
comprising: 

a) applying a polymer system substantially free 
of abiologically active material comprising a 
polymer and a first solvent to the surface and 
o) applying a drug system substantiaMy free of 
a polymer comprising a biologically active 
material and a second solvent to the surface: 
wherein sad method forms a composite of the 
4S polymer and the biologically active material. 

2. The method of daim 1 wherein the composite is 
substantially homogeneous. 

The method of claim 1 wherein steps (a) and (b) are 
repeated. 

The method of claim 1 wherein the medical device 
is a stent. 

The method of claim 1 wherein the stent is a self- 
expanding stent. 
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6. The method of claim 1 wherein the first solvent and 
second solvent are the same. 

7. The method of claim 1 wherein the first solvent and 
second solvent are different. s 

8. The method of claim 1 wherein the polymer is a 
hydrophobic biostable elastomer. 

9. The method of claim 1 wherein the elastomer is 10 
selected from the group consisting of silicones, 
polyurethanes, thermoplastic elastomers, ethylene 
vinyl acetate copolymers, polyolefin elastomers, 
EPDM rubbers and polyamide elastomers. 

75 

10. The method of claim 1 wherein the biologically 
active material is selected from the group consist- 
ing of antithrobotics, anticoagulants, antiplatelet 
agents, thrombolytics, antiproliferatives, anti-inflam- 
matories, agents that inhibit hyperplasia, smooth 20 
muscle cell inhibitors, antibiotics, growth factors, 
growth factor inhibitors, cell adhesion inhibitors, cell 
adhesion promoters and drugs that may enhance 

the formation of healthy neointimal tissue. 

25 

1 1 . The method of claim 1 wherein the polymer system 
or drug system is applied by spray coating. 

12. The method of claim 1 wherein the polymer system 

or drug system is applied by dipping. 30 

13. The method of claim 1 wherein the polymer system 
and the drug system are applied simultaneously to 
the surface. 

35 

14. The method of claim 1 wherein the polymer system 
and the drug system are applied sequentially to the 
surface. 

1 5. The method of claim 1 which further comprises par- 40 
tially evaporating the first solvent prior to applying 

the drug system. 

16. The method of claim 1 wherein the biologically 
active material is dissolved in the second solvent. 45 

17. The method of claim 1 wherein the biologically 
active material is suspended in the second solvent 

18. The method of claim 1 which further comprises so 
applying a solvent system to the surface. 

19. The method of claim 1 which further comprises 
applying a second drug system substantially free of 

a polymer comprising a second biologically active 55 
material to the surface. 

20. An apparatus 2 for covering at least part of a sur- 



face of a medical device 8 with a coating, said 
apparatus 2 comprising: 

a) a mounting element 4 comprising at least 
one support element 24 for mounting the 
device 8 to the apparatus 2; and 

b) a spray element 6 aligned with said mount- 
ing element 4 in a manner which allows the sur- 
face of the device 8 to be sprayed, said spray 
element 6 comprising 

i) a structural support 14 and 

ii) first and second spray canisters 16, 18 
movabiy mounted on said structural sup- 
port 1 4, wherein said first canister 1 6 is flu- 
idly connected to a first spray dispenser 20 
and said second canister 18 is f luidly con- 
nected to a second spray dispenser 22. 

21. The apparatus 2 of claim 20 wherein gas supply 
means 26, 28 are connected to said first and sec- 
ond spray dispensers 20, 22. 

22. The apparatus 2 of claim 20 wherein said first and 
second canisters 16, 18 are fixed at a predeter- 
mined distance from each other. 

23. The apparatus 2 of claim 20 wherein said first and 
second canisters 16. 18 are capable of movement 
independent of each other. 

24. The apparatus 2 of claim 20 wherein said first and 
second canisters 16, 18 are movabiy mounted on 
said structural support 14 in a manner which per- 
mits said canisters 16, 18 to move past one 
another. 

25. The apparatus 2 of claim 20 which further com- 
prises a motor 10 for rotating said support element 
24. 
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(57) The invention is directed to a method of 

applying drug-release coatings whereby a polymer can 
be dissolved in a first solvent (solvent A) to form a 
polymer system and a drug can be dissolved or 
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drug system. The coating or layer of coating so formed 
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